The behaviors that surround copulation are characterized as sociosexual behaviors. These behaviors displayed by males that are directed at females may include allogrooming, wrestling, chasing, approach, and time spent together. The data supported the hypothesis that the duration of sociosexual behaviors differs during the pre-copulatory, peri-copulatory, and post-copulatory phases of the mating bout in meadow voles. Voles spent more time approaching conspecifics during the pre-and peri-copulatory phases than during the post-copulatory phase. Voles spent more time allogrooming, wrestling, and chasing during the pre-copulatory phase than during the peri-and post-copulatory phases. Voles spent similar amounts of time together during the pre-, peri-, and post-copulatory phases. The data suggest that sociosexual behaviors displayed by males may be involved in setting the pace and temporal components of the mating bout. During the pre-copulatory phase particular behaviors by male voles may attract females, during the peri-copulatory phase some of these behaviors may stimulate or motivate the female to mate, and during the post-copulatory phase certain behaviors may prepare the male to mate again [Current Zoology 57 (1): [43][44][45][46][47][48][49] 2011].
Sociosexual behaviors are used by individuals to attract, show interest in, and mate with opposite-sex conspecifics (Beach, 1976) . For example, males may approach females to indicate their willingness to mate with them (Clarke, 1956; Beyer et al., 1981; Thornton et al., 1991; Bercovitch et al., 2006; Alligood et al., 2009 ). Females may approach and withdraw from male conspecifics, and if the male does not follow her, she may again approach the male (Gavish et al., 1983; Bercovitch et al., 2006; Alligood et al., 2009) . These behaviors may be the first steps in the courtship behavior (Grant and Mackintosh, 1963; Eisenberg, 1967; Dewsbury, 1972) . Once attracted to a particular male, female rodents may remain in close proximity to him (Eisenberg, 1967; Carter et al., 1987) . The sociosexual behaviors are likely to be involved in the pacing and temporal components of the mating bout Macdonald, 1998, 1999) . For example, the duration of a male's sociosexual behaviors are likely to differ, depending on where in the copulation bout the male is at that time. During the pre-copulatory phase males may spend much of their time trying to attract females by approaching them (Gray and Dewsbury, 1975; Ferkin and Seamon, 1987; Witt et al., 1988 Witt et al., , 1990 Bercovitch et al., 2006) . Approaches may also reduce aggression, heighten the sexual motivation between opposite-sex conspecifics (Carter et al., 1987) , and increase the amount of time that males and females spend together, which may be necessary for them to initiate mating (Grant and Mackintosh, 1963; Beach, 1976) . During the peri-copulatory phase, sociosexual behaviors may insure that females remain sexually receptive and that males are able to complete the copulatory act and ejaculate (Mosig and Dewsbury, 1976; Alligood et al., 2009 ). Thus, allogrooming, chasing, and time together may increase in duration (Eisenberg, 1967; Dewsbury, 1972; Stopka and Graciasová, 2001; Soini, 2005) . During the post-copulatory phase, males may be preparing for the next pre-copulatory phase, presumably with another female (Vaughn et al., 2010; Ferkin and Leonard, 2010) . There may be a decrease in approaches and the amount of time that the male and female remain together.
Sociosexual behaviors are likely to be involved in coordinating male-female interactions (Beach, 1976; Soini, 2005) . A behavior that has been identified as facilitating encounters between opposite-sex conspecifics is self-grooming (Ferkin and Leonard, 2010) , and has been studied recently in meadow voles Microtus pennsylvanicus. In that study, male voles were found to differ in the amount of time that they spent self-grooming different areas of their body before, during, and after coitus (Vaughn et al., 2010) . The results of this study suggest that other sociosexual behaviors displayed by males and directed at females, such as allogrooming, wrestling, chasing, approaches, and time together may also differ in their duration across the pre-, peri-, and post-copulatory phases of a mating bout. If so, such findings would suggest that sociosexual behaviors displayed by males may be involved in setting the pace and temporal components of the mating bout. We tested the hypothesis that the duration of sociosexual behaviors differs during the pre-copulatory, peri-copulatory, and post-copulatory phases of the mating bout. We predicted that the behaviors that facilitate interactions with females, such as naso-nasal approaches would occur with the greatest duration during the pre-copulatory phase. During the peri-copulatory phase, behaviors that sustain contact and facilitate coitus, such as naso-anogenital approaches, allogrooming, wrestling, chasing, and time spent together, should have increased in duration. During the post-copulatory phase, there should be a reduction in the duration of sociosexual behaviors, which along with no coitus may indicate the end of the copulatory bout. Being able to facilitate and coordinate male-female interactions would be especially important to meadow voles and other species in which the male and female do not nest together, have infrequent encounters, but mate with multiple partners and copulatory and reproductive success among males is highly skewed (Boonstra et al., 1993; Andersson, 1994; Clutton-Brock, 1998; Berteaux et al., 1999; Birkhead, 2000; LaDage and Ferkin, 2008) .
Materials and Methods

Animals
We used meadow voles that were descendants of those captured in Pennsylvania, Kentucky, and Ohio, USA. Every 18-24 months, the voles in the colony were mated with captured free-living voles. In this study, meadow voles were born and raised under long photoperiod (14:10 h, L:D, lights on at 07:00 h CST (Milligan, 1982) . Adult female voles born and reared in long photoperiod are sexually receptive (Keller, 1985) . Long-photoperiod meadow voles respond preferentially to the scent marks of opposite-sex conspecifics and readily mate with opposite-sex conspecifics (Meek and Lee, 1993; Ferkin and Johnston, 1995; Vaughn et al., 2008) . However, to insure that mating occurred we injected female voles with 0.05 mg estradiol benzoate three days before pairing with a male (Dewsbury and Baumgardner, 1981; delBarco-Trillo and Ferkin, 2004; Vaughn et al., 2008 Vaughn et al., , 2010 . Voles used in this study were 120-150 days of age and sexually experienced, having previously sired or delivered a litter at least 30 days before being used in this experiment. None of the females, however, were pregnant or lactating when used in the experiment.
Testing procedure
We established groups of male-female pairs. We used 51 male and 51 female voles to create these pairs. All testing was conducted during the first 2 hours of the light cycle (lights on at 07:00). We followed the procedures for pairing the males and females described in delBarco- Ferkin (2004, 2006a) . Briefly, an estradiol-primed female was introduced into a clean cage (37 × 21 × 15 cm 3 ) lined with clean bedding. The focal male was introduced in the cage 5 min later. We video-taped the pairing with a Sony Handycam connected to a JVC 4 Head VCR Combo Video Cassette Recorder. No observer was present in the room during the recording of the male and female pair. During these pairings, the male voles were allowed to reach sexual satiety, which occurs when, after mating, there is a period of 30 min without any further copulation (Gray and Dewsbury, 1975; delBarco-Trillo and Ferkin, 2004) . We used the free software Stopwatch+ (http://www.cbn-atl. org/research/stopwatch.shtml) to score the tapes.
During the pre-copulatory, peri-copulatory, and post-copulatory phases we recorded selected sociosexual behaviors in male voles. We selected the following behaviors because they are frequently observed in rodents (Clarke, 1956; Grant and Mackintosh, 1963; Myers and Krebs, 1971; Dewsbury, 1972; Ferkin and Seamon, 1987) , and may support mating. Specifically, we recorded the amount of time males spent: (a) directly interacting with the female outside of coitus; this in-cluded the time males spent allogrooming females, the time males spent boxing/wrestling, and the time males spent chasing the female; these behaviors were recorded if the males initiated them; (b) the amount of time the male approached within 2 cm of the female but did not engage in coitus and did not spend time in allogrooming, wrestling with, and chasing the female; these approaches were subdivided according to the olfactory investigation by the male of the female's face (naso-nasal approaches), the female's anogenital area (naso-anogenital area approaches), and other body regions of the female not including her head and anogenital region (naso-other approaches); and (c) the time males and females spent together sitting or lying side-by-side, and not involved in coitus or the other behaviors listed above. These sociosexual behaviors are displayed by captive and free-living voles (Clarke, 1956; Myers and Krebs, 1971; Tamarin, 1985; Ferkin and Seamon, 1987) .
We measured the amount of time that male voles spent performing these behaviors before (the pre-copulatory phase), during (the peri-copulatory phase), and after copulation (the post-copulatory phase) in 51 trials. The pre-copulatory phase included the 10 min before the start of the first copulatory bout, unless mating occurred before that time. The peri-copulatory phase included the time from the first ejaculation until 10 minutes after the first ejaculation or until the male started the second ejaculatory series. Thus, the peri-copulatory phase consisted of the full inter-copulatory interval between the first and the second ejaculatory series or the first 10 min of that inter-copulatory interval if it lasted more than 10 min. The post-copulatory phase lasted for 10 min and was recorded starting when the male and female were no longer engaged in coitus.
Statistics
We created a continuous variable for each sociosexual behavior we tested. This variable was the quotient of the total amount of time that the male spent involved in that behavior divided by the total time in that phase. Kolmogorov-Smirnov tests indicated that the data were not normally distributed. Statistical analyses were performed using SPSS 16 for Windows. We then used the Friedman test to determine whether differences existed in the sociosexual behaviors of male voles during the pre-copulatory, peri-copulatory, or post-copulatory phases. We performed Wilcoxon sign ranks tests to determine if differences existed between males in the amount of time they spent involved in the sociosexual behaviors in the multiple paired comparisons. Statistically significant differences were accepted at P < 0.05. All values reported in the figures are shown as mean + SEM.
Results
Sociosexual behaviors across the pre-copulatory, peri-copulatory, and post-copulatory phases
Male meadow voles differed in the duration of their sociosexual behaviors directed toward females during the pre-copulatory, peri-copulatory, and post-copulatory phases. Males spent different amounts of time involved in allogrooming, wrestling, and chasing females during the pre-copulatory, peri-copulatory, and post-copulatory phases (χ 2 = 23.19, P < 0.0005; Fig. 1 ). During the pre-copulatory phase, males spent more time involved in allogrooming, wrestling, and chasing females than they did during the peri-copulatory phase and the post-copulatory phase (P < 0.0005 for both comparisons). In addition, males differed in the amount of time that they spent approaching the females during the pre-copulatory, peri-copulatory, and post-copulatory phases (χ 2 = 13.22, P = 0.001). Males spent more time approaching females during the pre-copulatory phase and peri-copulatory phase than they did during the post-copulatory phase (P < 0.0005 for both comparisons). Male voles, however, spent similar amounts of time in side-by-side contact with female voles during the pre-copulatory, peri-copulatory, and post-copulatory phases (χ 2 = 5.65, P = 0.059).
Sociosexual behaviors within the pre-copulatory, peri-copulatory, and post-copulatory phases
During the pre-copulatory, peri-copulatory, and post-copulatory phases, male voles differed in the combined total time they spent engaged in allogrooming, wrestling, and chasing females, in approaching females, and in side-by-side contact with female voles (χ 2 = 72.15, P < 0.0005; Fig.1 ). Male voles, however, spent more time during the pre-copulatory phase involved in allogrooming, wrestling, and chasing females than they spent approaching females and engaged in side-by-side contact with females (P≤0.001 for all comparisons). During the pre-copulatory phase males spent more time approaching females than they spent in side-by-side contact with females (Z = -4.23, P < 0.0005). During the peri-copulatory phase, male voles spent different amounts of time involved in sociosexual behaviors (χ 2 = 97.52, P < 0.0005). Males spent more time in the combined behaviors of allogrooming, wrestling, and chasing females than males spent in side-by-side Fig. 1 The mean ± SEM time (s) that male meadow voles spent during the pre-copulatory, peri-copulatory, and post-copulatory phases allogrooming, wrestling, and chasing, approaching, and in side-by-side contact with a female
Bars capped with asterisk(s) denote significant differences at: * P < 0.05; ** P < 0.01; *** P < 0.001.
contact with females (Z = -2.43, P = 0.015). Males also spent more time in side-by-side contact with females than they spent approaching females (Z=-1.97, P = 0.048). Lastly, during the post-copulatory phase, males spent different amounts of time involved in sociosexual behaviors (χ 2 = 72.97, P < 0.0005). When the total times were combined, male voles spent similar amounts of time of allogrooming, wrestling, and chasing female voles, approaching females, and in side-by-side contact with females (P < 0.0005 for all comparisons).
Differences in naso-nasal, naso-anogenital and naso-other approaches across the pre-, peri-, and post-copulatory phases
During the pre-copulatory phase, peri-copulatory phase, and post-copulatory phase, male voles differed in the amount of time they spent in naso-nasal approaches, naso-anogenital area approaches, and naso-other approaches (χ 2 = 12.62, P = 0.002; Fig. 2 ). Males spent more time during the pre-copulatory phase and peri-copulatory phase involved in naso-nasal approaches than they did during the post-copulatory phase (P < 0.01 for both comparisons). Males, however, spent similar amounts of time involved in naso-nasal approaches during the pre-copulatory and peri-copulatory phases (Z = -0.449, P = 0.654).
Males spent different amounts of time when they approached the anogenital area of females across the precopulatory, peri-copulatory, and post-copulatory phases Fig. 2 The mean ± SEM time (s) that male meadow voles spent during the pre-copulatory, peri-copulatory, and post-copulatory phases displaying naso-nasal approaches, naso-anogenital approaches, and naso-other approaches directed at a female Bars capped with asterisk(s) denote significant differences at: * P < 0.05; ** P < 0.01; *** P < 0.001.
(χ 2 = 19.96, P < 0.0005). During the pre-copulatory phase, males spent more time involved in naso-anogenital approaches than they did during the peri-copulatory and post-copulatory phases (P < 0.0005 for both comparisons). During the peri-copulatory phase, males spent more time involved in naso-anogenital approaches than they did during the post-copulatory phase (Z = -3.57, P < 0.0005).
Males spent different amounts of time approaching other body regions on females (naso-other) across the pre-copulatory, peri-copulatory, and post-copulatory phases (χ 2 = 6.19, P = 0.045). Male voles spent more time involved in approaching other body regions on females during the peri-copulatory phase than they did during the pre-copulatory phase (Z = -2.04, P = 0.041). 2.4 Differences in naso-nasal, naso-anogenital and naso-other approaches within the pre-, peri-, and post-copulatory phases During the pre-copulatory phase, males differed in the amount of time they spent in naso-nasal approaches, naso-anogenital approaches, and naso-other approaches (χ 2 = 35.92, P < 0.0005; Fig. 2 ). Males spent more time in naso-nasal approaches and naso-anogenital area approaches than they did in naso-other approaches (P < 0.0005 for both comparisons). Likewise, during the peri-copulatory phase, males differed in the amount of time they spent in naso-nasal approaches, naso-anogenital approaches, and naso-other approaches (χ 2 = 19.41, P < 0.0005; Fig. 2 ). Males spent more time in naso-nasal approaches than in naso-anogenital approaches and naso-other approaches (P < 0.05 for both comparisons). During the post-copulatory phase, males also differed in the amount of time they spent in naso-nasal approaches, naso-anogenital approaches, and naso-other approaches (χ 2 = 26.26, P < 0.0005; Fig. 2 ). Males spent more time in naso-nasal approaches than in naso-anogenital approaches and naso-other approaches (P < 0.005 for both comparisons).
Discussion
Male meadow voles displayed differences in the duration of the sociosexual behaviors they directed toward females during the pre-copulatory phase, peri-copulatory phase, and post-copulatory phase of the mating bout. It was not surprising to find that males spent more time approaching females during the pre-copulatory phase and the peri-copulatory phase than during the post-copulatory phase. Approaching a female vole would allow a male vole to signal his interest in her. By doing so, males may learn more about the willingness of these females to mate (Clarke, 1956; Eisenberg, 1967; Beyer et al., 1981; Ferkin and Seamon, 1987; Thornton et al., 1991) . Also during the pre-copulatory phase, male voles spent much time allogrooming, wrestling, and chasing the female. Male woodrats that chased females more often had more copulations than did males that did not chase females as often (Alligood et al., 2009) . During the pre-copulatory phase, male voles also spent time approaching and investigating the nasal and anogenital areas of the females. It is interesting, however, that male and female meadow voles spent little time in side-by-side contact with one another during the pre-copulatory phase. In contrast, in prairie voles, a monogamous species, males and females spend much time in side-by-side contact prior to copulation (Carter et al., 1987; Insel et al., 1997) . We suggest that by spending little time in side-by side contact, male and female meadow voles may proceed more quickly to the peri-copulatory phase and the post-copulatory phase, which may shorten the duration of the copulatory bout. Our findings support and augment the view that the prevalence of allogrooming, wrestling, chasing, and approaches during the pre-copulatory phase are behaviors involved in courtship or facilitating coitus (Clarke, 1956; Dewsbury, 1972; Stopka and Graciasová, 2001) . It is possible that the long duration of sociosexual behaviors during the pre-copulatory phase may allow males and females to continually update their assessment of their potential partner's condition and quality to determine if mating should occur Macdonald, 1998, 1999; Soini, 2005; Bercovitch et al., 2006; Ferkin and Leonard, 2010) .
During the peri-copulatory phase males continued to approach and investigate the nasal and anogenital areas of females. There was also an increase in the amount of time male voles were involved in nasal-other investigation of female voles. Taken together, the odors of male and female voles during the peri-copulatory phase may be stimulatory to the participant, allowing them to continue to mate (Ferkin and Leonard, 2010) . Male meadow voles also spent time during the peri-copulatory phase allogrooming, wrestling, and chasing the female. Since female voles may run away from males during copulation (delBarco-Trillo and Ferkin, 2006b) , these interactions may insure that males can continue to mate until they finish their copulatory behavior, which is composed of several ejaculations (Dewsbury, 1972; Gavish et al., 1983; Soini, 2005; delBarco-Trillo and Ferkin, 2006b) . Our data support and extend the hypothesis that sociosexual behaviors during the peri-copulatory phase may prolong coitus to insure that the male ejaculates and/or serve to stimulate the female to continue to be sexually receptive towards that male (Gray and Dewsbury, 1975; Witt et al., 1988 Witt et al., , 1990 .
During the post-copulatory phase there was no difference in time male voles spent in approaching females, allogrooming, wrestling, and chasing females, or in side-by-side contact with females. At this point, the current mating bout has been completed and male meadow voles may be more interested in finding new potential mates rather than attempting to mate again with a current mate (Andersson, 1994; Birkhead, 2000) . Similarly, the current female may no longer be interested in interacting or mating again with that male vole (Ivy et al., 2005; LaDage and Ferkin, 2006; LaDage et al., 2008) . Studies on non-monogamous rodents, including meadow voles indicate that females prefer to associate and mate with novel males rather than previous mates (Ferguson et al., 1986; Shapiro et al., 1986) . Our data are consistent with and augment the hypothesis that during the post-copulatory phase, sociosexual behaviors may prepare males to mate with another female (Hart et al., 1987; Sachs et al., 1988; Mooring et al., 1996; Ferkin and Leonard, 2010) .
Overall, our findings in male voles extend the view that sociosexual behaviors by male mammals are involved in coordinating interactions with female conspecifics (Beach, 1976; Soini, 2005) and establishing the pacing and temporal components of the mating bout Macdonald, 1998, 1999) . Thus, the amount of time that a male spends involved in signaling his interest in that female by approaching her, spending time in contact with her, and grooming her may differ between males in monogamous and non-monogamous species. In monogamous species of mammals males may display sociosexual behaviors that are relatively longer in duration and with greater frequency to lengthen the copulatory bout to both reinforce the pair bond or as a form of mate guarding among new pairs (Kleiman, 1977; Dewsbury, 1981) , but not among established pairs (Witt et al., 1988 (Witt et al., , 1990 . It is possible, however, that in non-monogamous species of mammals, including meadow voles (Madison, 1980; Boonstra et al., 1993) , males display sociosexual behaviors across the mating bout that are shorter in duration and have fewer occurrences. This may allow such males to shorten the copulatory bout with a particular female, and increase the amount of time that he has to locate and mate with multiple females (Andersson, 1994; Clutton-Brock, 1998; Birkhead, 2000) .
